One of the primary objectives of complete dentures is to restore masticatory function in people who have lost their natural teeth. Patients wearing conventional complete denture (CD) often complain of instability of the mandibular denture leading to a feeling of insecurity, inefficient mastication, and overall dissatisfaction with the prosthesis. Implant mandibular overdentures (IOD) constitute a secure therapeutic alternative, affording a great patient's satisfaction and masticatory efficiency. The most common problem in implant dentistry is the presence of insufficient bone volume to receive the conventional size of dental implants. The 2-pieces narrow diameter implants were introduced into the market combining the undisturbed healing period required for proper osseointegration and the avoidance of time, cost and morbidity of extensive surgeries for bone augmentation. OBJECTIVES: The aim of the current work was to evaluate and compare the electromyographic (EMG) activity of masseter and anterior temporalis muscles when using three different treatment protocols i.e. (conventional CDs, two and four IODs). MATERIALS AND METHODS: Eight completely edentulous patients were selected from the prosthetic department, Faculty of dentistry, Alexandria University. Implant mandibular assisted overdentures were constructed for each patient using narrow diameter implants and delayed loading protocol. EMG activity of masseter and anterior temporalis muscles during habitual chewing and maximal voluntary clenching were recorded for each of the studied patients in the three different treatment protocols. RESULTS: EMG activity of masseter and anterior temporalis muscles of IOD was significantly lower with conventional CD than with IOD. Patients with four IOD showed higher EMG activity of masticatory muscles and better function compared to two IOD. Masticatory muscles activity during clenching was significantly higher than during chewing. CONCLUSIONS: It was concluded that IODs have great masticatory efficiency when compared to CD. Implants number affect masticatory efficiency and muscle activity in cases of severely resorbed mandibular ridge.
INTRODUCTION
The frequent instability of mandibular removable complete dentures causes an alteration of mastication (1) . The development of titanium dental implants has extended treatment alternatives for completely edentulous patients using either implant retained fixed or removable prostheses (2) .
When the original root-form implants were introduced, they had a diameter of about 3.75 mm. Nowadays, available implants vary in diameter between 1.8 mm to 6 mm. Implants with diameter less than or equal to 2.9 mm are called mini dental implants (3), while implants with diameter from 3mm to 3.5mm are called narrow-diameter implant. (4) When inadequate bone volume is present for placement of standard diameter implants, most practitioners have been taught to suggest bone grafting. Various augmentation techniques are currently in use to recreate sufficient bone width and height for reliable insertion of endosseous implants but many of them are associated with different problems (5, 6) .
Unfortunately, the resorption of the alveolar ridges may render the placement of standard diameter implants difficult or impossible in several cases. In this situation, the placement of standard-diameter implant after performing a reconstructive surgery to recreate the correct bone volume and morphology (7) or the simple use of a narrow diameter implant (8, 9) may be possible. Narrow-diameter implants would be beneficial to decrease the morbidity, time and cost of augmentation procedures for implant placement. This might especially help elderly patients or patients with general medical risk factors (10) .
Small-diameter implants demonstrated a survival rate similar to those reported in previous studies of standard-size implants (11, 12) . Using narrow diameter implants may represent a solution to rehabilitate patients with implantsupported prostheses without reconstructive procedures (13) .
Finite element study on immediately loaded implants showed that increased implant diameter better dissipated the simulated masticatory force and decreased the stress and strain around the implant neck, especially when the diameter increased from 3.3 to 4.1 mm. It appeared that dental implants of 10 mm in length should be at least 4.1 mm in diameter for immediate loading (14) .
Esposito et al. found that immediate loading can be successful only in selected patients and the trend suggested that immediate loading protocol may fail more often than loading with a delayed protocol (15) .
In a systemic review, a wide variety of methods have been used to determine masticatory functions, e.g. measuring colour change in chewing gum, sugar loss from chewing gum, a colorimetric method, photometric methods to quantify changes in colour and optical scanning of chewed particles (16) .
Electromyography has also been used to assess the masticatory efficiency of implant mandibular assisted overdentures (17) . The EMG activity of a muscle is proportional to the energy consumed to produce contraction. The masseter and anterior temporalis muscles on both sides were evaluated, because they are the largest and strongest of the masticatory muscles, in addition to they are the most superficial and are accessible to EMG examination (17) .
This study aimed at studying the EMG activity of masticatory muscles in elderly patients having severely resorbed mandible when using three different treatment protocols.
MATERIALS AND METHODS
Appropriate ethical clearance was obtained from the research ethics committee. An informed consent was signed by all patients participating in the study.
Inclusion criteria
All patients were completely edentulous, age of patients ranged from 50 to 70 years. All patients were non-smokers, well motivated, cooperative and with adequate manual dexterity necessary to place a removable implant prosthesis to allow adequate oral hygiene around the endosseous implants. Patients were included if they were in a good health, free from any systemic diseases that might have an effect on the osseointegration of dental implants and of severely resorbed mandibular alveolar ridge but have adequate height and width anteriorly.
Exclusion criteria
Extremely senile patients as they have poor healing capacity which may affect the surgical phase and osseointegration, uncooperative patients, patients with poor oral hygiene and those who were subjected to chemo-or radiotherapy.
Patient assessment
Prior to any treatment approach, every patient was thoroughly evaluated regarding both dental and medical status. For this purpose "a patient diagnostic chart" was intended. The chart was designed to include three main points; history, clinical examination and laboratory investigations including (fasting blood glucose test).
Prosthetic phase I (Construction of conventional complete denture)
Complete maxillary and mandibular dentures ( Figure 1 ) were fabricated for every patient according to standardized conventional techniques.
All subjects were adapted to their dentures for a period of time, minimum two months, to obtain adequate retention, stability and neuromuscular coordination, ensure absence of inflammation or pathologic lesions of oral tissue, and ensure that there was no need for adhesive.
Figure 1:
Complete mandibular and maxillary denture was constructed.
Surgical phase I (Implant placement) a-Preparation of surgical equipment
Each patient was evaluated radiographically using cone beam computerized tomography (CBCT). The selection of the interforaminal area of the mandible was based on the recommendation by Lekholm and Zarb (18) . Furthermore, it has been established that the survival of the root form titanium implants was very high in the anterior mandible and that the incidence of surgical complications was very low.
A clear acrylic radiographic/surgical mandibular template including gutta-percha radiopaque indicators allowed implant alignment along planned prosthetic axes during implant surgery and ensured good visual access (19) ( Figure 2 ).
Figure 2:
A clear acrylic radiographic/surgical mandibular template including gutta-percha radiopaque indicators.
b-Implants placement according to surgical protocol Surgical phase II (Placement of ball abutments) a-After three months of implant placement
Two implants were uncovered using a punch. The cover screws were removed. Then the ball abutments were screwed on the implants.
b-After two weeks from uncovering two implants
The other two implants were uncovered using a punch. The cover screws were removed and the ball abutments were screwed on the implants. Prosthetic phase II: (Stabilizing and connecting the attachments to the existing mandibular complete denture). Implant mandibular overdenture fabrication (using ball attachments) was accomplished through the following phases (figure 3):
• Two ball attachments connected with the implants constructing two IODs. • The four ball attachments connected with the four implants constructing four IODs Figure 3 : The created two and four metal housing in the fitting surface of the mandibular denture.
Electromyographic evaluation EMG activity of masseter and anterior temporalis muscle was assessed bilaterally during habitual chewing of carrots and maximal voluntary clenching (empty clenching) in the three different treatment protocols (CDs, two and four IODs). EMG activity of masticatory muscles were evaluated at the following periods: • When using CDs: after 2 months of complete denture construction. • When using two IODs: after 3 months of implant placement.
• When using four IODs: after 4 months of implant placement.
Statistical analysis
Data were fed to the computer and analyzed using IBM SPSS software package version 20.0. (Armonk, NY: IBM Corp) Qualitative data were described using number and percent. The Kolmogorov-Smirnov test was used to verify the normality of distribution Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level. A p-value of less than 0.05 was considered statistically significant. The used tests were Student t-test, ANOVA test and Post Hock Test. Table 1 and 2 demonstrate comparison of the mean values of EMG activity of masseter and anterior temporalis muscles during maximal voluntary clenching (Table 1 and figure 4 ) and chewing (Table 2 and figure 5) in the three different treatment protocols i.e. (CD, two and four IODs).
RESULTS

EMG activity
The mean values of EMG activity of both masseter and anterior temporalis muscles during clenching were significantly higher than during chewing. There was slight side to side difference in EMG activity of muscles of both sides which was sometimes statistically significant (P1 in table 1 and 2). During clenching and chewing, the mean value of EMG activity of masseter muscles was significantly higher than that of temporalis muscles on both sides in the three situations (P2 in table 1 and 2).
During clenching and chewing, the mean value of EMG activity of masseter and anterior temporalis muscles of IODs was significantly higher than in conventional CDs (P3, P4 in table 1 and 2). In addition, the mean value of EMG activity of four IOD was significantly higher than that of two IOD (P5 in table 1 and 2). (figure 6) 
P1 comparison between right and left in both masseter and anterior temporalis in different group P2 comparison between masseter and temporalis in each group. ANOVA comparison between the three groups in right and left master and temporalis P3 comparison between complete dent and two narrow implant P4 comparison between complete dent and four narrow implant P5 comparison between two and four narrow implant * Significant at level < 0.05
Figure 4:
Comparison between the mean values of EMG activity of masseter and anterior temporalis muscle during clenching in different situations (CD, two IOD and four IOD). 
P1 comparison between right and left in both masseter and anterior temporalis in different group P2 comparison between masseter and temporalis in each group.
ANOVA comparison between the three groups in right and left master and temporalis P3 comparison between complete dent and two narrow implant P4 comparison between complete dent and four narrow implant P5 comparison between two and four narrow implant * Significant at level < 0.05 Figure 5 : Comparison between the mean values of emg activity of masseter and anterior temporalis muscle during chewing in different situations (cd, two iod and four iod). 
DISCUSSION
A mandibular implant assisted over denture is an excellent treatment option for completely edentulous patients providing great patient's satisfaction than conventional complete dentures (20) . Various numbers of implants have been recommended. The McGill consensus statement reported that overdentures supported by two dental implants are a routine procedure in the dental practice (21) . Overdentures assisted by four implants have been suggested as one of the treatment options for edentulous patients at specific situations (22) .
Insufficient bone width for insertion of dental implant of conventional size is the most common problem in implant dentistry (23) . In cases where bone width is narrow, local bone augmentation to enable the use of standard-size implants may be compromised due to several complications (5, 6) . The other treatment option is the use of smaller diameter implant that is less invasive (8) .
Results obtained from literatures indicated that narrow diameter implant is a predictable treatment option, since they afford clinical results comparable to those obtained with implants of standard diameter (11) (12) (13) 24) .
Conventional size of dental implants can be loaded immediately or delayed depending on specific factors (25) .
When narrow implants were introduced, they were single pieces (26) . Now, two-pieces narrow implants were introduced into the market and allowed insertion into bone with a lower density with delayed loading after 3 to 6 months, same as with conventional size.
Various methods were used for evaluation of masticatory efficiency (16) . In the current study, electomyography was used for estimation of masticatory efficacy of both masseter and anterior temporalis muscles during chewing and muscle activity during clenching.
In the present study, the subjective assessment of the masticatory efficiency using questionnaire revealed that all subjects with two and four IODs were more satisfied with stability of their dentures and their overall oral function compared with the previous situation.
In the current work, the masseter muscles showed higher EMG activity when compared with the temporalis muscles during chewing and clenching in the three situations (CDs, two and four IODs). This observation runs in agreement with several studies (27) (28) (29) (30) . This may be explained by the location of the muscle on the mandible and fulcrum.
In addition, EMG activity of both anterior temporalis and masseter muscles during clenching were higher than during chewing. This was in agreement with (Ciccone et al and Oncins et al) (30, 31) . This might be because clenching required increased muscle activity to allow jaw movements required for exerting cutting and grinding forces.
The current work showed higher EMG activity of masseter and anterior temporalis muscles with two IOD when compared to that with conventional CDs. This could be explained by enhancement of support, retention and stability of the dentures making the patients more comfortable, reducing mucosal pain and allowing high confidence during social interactions (32, 33) . These results agreed with the observations of different investigators (34) (35) (36) (37) .
The current study also revealed that patients with four IODs, when using narrow implants with ball attachments and delayed loading protocol, had significantly better EMG activity of masseter and anterior temporalis muscles compared to those with two IODs. This might be because by increasing number of implants, the load on the oral mucosa was decreased and hence oral pain was reduced during functions.
Contrary to the current study results, Ucankale et al. found no difference in maximum bite force and muscle activity between two and four implants supporting a mandibular overdenture with bar attachments. This might be related to the ridge form, volume and implants diameter more than 3.5mm (38) . Stellingsma et al. (39) analyzed the effects of implant assisted overdentures on masticatory function in patients with extremely resorbed mandibles, and compared masticatory function using 3 differing types of implant treatment protocols. Masticatory function was assessed before and after treatment using a questionnaire, a masticatory performance test, and a structured interview. It was concluded that there was a significant improvement in masticatory function after implant assisted overdenture treatment. However, the differences in masticatory function between the 3modalities were not significant after treatment, regardless dental implants number.
CONCLUSION
Using narrow diameter implants reduced invasiveness, cost and time of bone grafting surgical procedures. In case of severely resorbed mandible, using only two narrow implants to support overdenture was not enough to reduce oral pain. In these cases, placement of four narrow implants improved the masticatory efficiency, muscle activity and reduced the mucosal pain.
